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@ Radioactive radiation image detecting apparatus. 

(5?) An apparatus comprises a fiber optic device 
having a plurality of cores buried in a cladding, 
a first luminescent screen fixed to an input face 
of said fiber optic device, and a first CCD image 
sensor fixed to an output face of the fiber optic 
device. The CCD image sensor comprises a 
package, a CCD chip fixed in the package, lead 
pins penetrating said package, and bonding 
wires connecting said lead pins to said CCD 
chip. The CCD chip comprises an image pickup 
region for converting a ray incident thereto into 
an electric signal, and bonding pads in contact 
with said bonding wires and wherein said out- 
put face is in contact with said image pickup 
region and said output face is not in contact 
with said bonding pads. 



Fig. I 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a radiation image 5 
detecting apparatus used in the fields of industry, 
medicine, etc. 

Related Background Art 

10 

The conventional radiation detecting apparatus 
are described for example in Japanese Laid-open Pa- 
tent Applications No. 63-311193, No. 1-227583, No. 
2-276996, and No. 2-249537, United States Patents 
No. 4,910.405, No. 5,079,423, and No. 5,138,166, 15 
and European Patent Publication No. 0373717 Ai. 

SUMMARY OF THE INVENTION 

The apparatus according to the present invention 20 
is an improvement in the conventional apparatus and 
can detect a ray image with higher accuracy than the 
conventional apparatus. The present inventors found 
difficulty in reaching the present invention. It was be- 
cause the conventional apparatus employed a glass 25 
cover on a package in order to prevent dust from at- 
taching to a CCD chip and this glass cover seemed 
essential. 

The apparatus of the invention can obtain a sharp 
image by direct contact of a fiberoptic device with the 30 
CCD chip. To avoid dust from attaching to the CCD 
chip, the CCD package is sealed by the fiber optic de- 
vice. A device was necessary for the sealing struc- 
ture. 

The detecting apparatus of the invention is pro- 35 
vided with a first module. This first module comprises 
a first fiber optic device, a first luminescent screen, 
and a f irst CCD image sensor. 

The fiber optic device comprises a plurality of 
optical fibers fixed to each other. Since the optical fib- 40 
ers are fixed to each other, the fiber optic device is 
free of deformation. The optical fibers each have a 
cladding and a core buried in the cladding. A refrac- 
tive index of the core is higher than that of the clad- 
ding. The core and cladding are made of glass. This 45 
fiber optic device is formed by burying a plurality of 
cores in a single cladding. 

The fiber optic device has an input face which 
light enters and an output face which iightleaves. The 
input face and output face include end faces of the so 
optical fibers. A ray of light entering the input face 
propagates in an optical fiber to leave the outputface. 

A luminescent screen (luminescent film) is fixed 
to the input face. The luminescent screen converts a 
radioactive ray incident thereinto into a luminescent 55 
ray. The luminescent ray appearing in the lumines- 
cent screen propagates in an optical fiber to emerge 
from the output face of the fiber optic device. 



The CCD image sensor isfixed to the outputface. 
The CCD image sensor comprises a package and a 
CCD chip attached to the package. The package has 
a recessed portion. The fiber optic device has a pro- 
jected portion. The projected portion of the fiber optic 
device includes the output face. The projected portion 
of the fiber optic device fits in with the recessed por- 
tion of the package of the CCD image sensor. Accord- 
ingly, the fiber optic device is stuck to the CCD image 
sensor, whereby they are stationary to each other. 

The CCD chip has a main surface. The main sur- 
face has an image pickup region composed of a plur- 
ality of pixels, and an output region in which bonding 
pads for collecting signals from the pixels are formed. 
The image pickup region is a surface to which the lu- 
minescence generated in the luminescent screen is 
incident. The image pickup region of the CCD chip is 
opposed to the output face of the fiber optic device. 

An angle of a normal line to the output face with 
an optical axis of each core in the fiber optic device 
is 45 degrees. The image pickup region of the CCD 
chip is parallel to the output face of the fiber optic de- 
vice. An angle between the optical axis of each core 
and a normal line to the input face is 45 degrees. The 
luminescent screen (luminescent surface) is parallel 
to the input face. 

The output face includes the end faces of the plur- 
ality of cores. The input face includes the end faces 
of the plurality of cores. A density of the end faces of 
the plurality of cores in the output face is equal to that 
of the end faces of the cores in the input face. Each 
core extends straight The optical axis of each core is 
a straight line. Accordingly, a ray image into the input 
face of the fiber optic device is outgoing at 1 :1 mag- 
nification from the output face. Further, there is no 
distortion caused in the image. 

The image pickup region of the CCD chip is in 
contact with the output face of the fiber optic device. 
Therefore, the image entering the image pickup re- 
gion is not disturbed by any intervening members be- 
tween the image pickup region and the output face, 
thus forming a clear image on the image pickup re- 
gion. 

in the detecting apparatus of the present inven- 
tion, the image pickup region of the CCD chip is in di- 
rect contact with the outputface of the fiber optic de- 
vice in order to obtain a clear image. The output re- 
gion of the CCD chip where the bonding pads are 
formed restricts this "direct contact" The output re- 
gion is separate from the output face. Since the output 
face is not in direct contact with the output region, the 
bonding pads, and bonding wires connecting be- 
tween the bonding pads and lead pins are prevented 
from being damaged by the fiberoptic device. Thus, 
the bonding wires stand long use. 

The CCD chip comprises a semiconductor sub- 
strate, an insulating film on and in contact with the 
semiconductor substrate, transfer electrodes in con- 
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tact with the insulating film, a protective film formed 
over the transfer electrodes, a first signal line for ap- 
plying a predetermined drive voltage to the transfer 
electrodes, a first bonding pad connected to the first 
sig nai line on the semiconductor substrate, a floating s 
diffusion amplifier for collecting signals (charge) 
transferred from the transfer electrodes, and a sec- 
ond bonding pad connected to the floating diffusion 
amplifier. The output region is a region where the first 
and second bonding pads are formed. 10 

The detecting apparatus of the present invention 
is provided with a second module. The second mod- 
ule has the same structure as the first module, having 
a second fiber optic device, a second luminescent 
screen, and a second CCD image sensor. The second 1 $ 
luminescent screen is formed on a same plane as the 
first luminescent screen is. A normal line to the first 
luminescent screen (luminescent surface) is parallel 
to a normal line to the second luminescent screen. 
Thus, the normal line to the first luminescent screen 20 
(luminescent surface) and the normal line to the sec- 
ond luminescent screen are substantially parallel to 
each other. An angle between these normal lines is 
smaller than 5 degrees. 

The first module and second module are set in a 25 
housing. The housing has a radiation shielding mem- 
ber. The radiation shield ing member is made of lead. 
The housing has a barrel portion. The barrel portion 
has an opening. A radiation to be detected goes 
through the opening into the luminescent screen. The 30 
barrel portion is made of lead. Lead does not transmit 
radiations. Since this detecting apparatus has the 
barrel portion, directivity of incident radiations can be 
enhanced. The barrel portion has an opening edge, 
an inner surface intersecting with the opening edge, 35 
and an outer surface intersecting with the opening 
edge. The barrel portion interrupts radiations oblique- 
ly incident relative to the axis of the barrel portion of 
the detecting apparatus from the outside thereof. 

The first CCD image sensor in the first module is 40 
f wed to a first circuit board for processing signals out- 
put from the CCD image sensor. The second image 
sensor is fixed to a second circuit board for process- 
ing signals output from the CCD image sensor. The 
first circuit board comprises a first print board. The 4$ 
second circuit board comprises a second print board. 
The first print board is opposed to the second print 
board. The first print board is nearly parallel to the 
second print board. An angle between normal lines to 
the first print board and to the second print board is 50 
less than 5 degrees. The first print board and second 
print board are fixed to the housing. 

The detecting apparatus has a radioactive 
source connected to the housing. A hollow connecting 
member connects the housing with the radioactive 55 
source. Wiring for supplying drive power to the radio- 
active source passes through inside the connecting 
member. Rubber is wound around the connecting 



member. When teeth are in contact with the rubber, 
the radioactive source is held by the teeth. 

This detecting apparatus comprises a display for 
displaying the signals output from the CCD image 
sensor. The display and CCD image sensor are elec- 
trically connected to each other through a display 
controller. The display controller controls the display 
to indicate the signals output from the CCD image 
sensor on the display. 

The present invention decreases a temporal dif- 
ference between entrance of a ray into the scintillator 
and arrival thereof at the solid state image sensing 
device. Aradiation detector of the present invention is 
smaller than those in the conventional apparatus. 

Since the scintillator generating visible rays with 
reception of radiations is perpendicular to a ray input 
face of the solid state image sensing device, the 
length of the optical fiber plate can be shortened in 
the direction of ray incidence and radiations through 
the scintillator are prevented from directly entering 
the ray input face of the solid state image sensing de- 
vice. 

The present Invention will become more fully un- 
derstood from the detailed description given herein- 
below and the accompanying drawings which are giv- 
en by way of illustration only, and thus are not to be 
considered as limiting the present invention. 

Further scope of applicability of the present in- 
vention will become apparent from the detailed de- 
scription given hereinafter. However, it should be un- 
derstood that the detailed description and specific 
examples, while indicating preferred embodiments of 
the invention, are given by way of illustration only, 
since various changes and modifications within the 
spirit and scope of the invention will become apparent 
to those skilled in the art from this detailed descrip- 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 te a perspective view to show a radiation 
image detector of an embodiment: 
Fig. 2A to Fig. 2F are perspective views to show 
optical fiber plates used in the radiation image 
detector of the embodiment; 
Fig. 3A is a plan view to show a radiation image 
detecting module of an embodiment; 
Fig. 38 is a front elevation to show the radiation 
image detecting module of the embodiment; 
Fig. 4A is a plan view to show a radiation detect- 
ing module of an embodiment; 

Fig. 4B is a front elevation to show the radiation 

detecting module of the embodiment; 

Fig. 5 is a perspective view to show a radiation 

image detecting apparatus of an embodiment; 

Fig. 6 is an apparatus of an embodiment; 

Fig. 7 is a perspective view of a fiber optic device 

and a CCD image sensor of an embodiment; 
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Fig. 8A to Fig. 8C are drawings to show a detect- 
ing apparatus of an embodiment; 
Fig. 9 is a drawing to show a detecting apparatus 
of an embodiment and 

Fig. 10 is a drawing to show a detecting appara- 
tus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Fig, 9 shows an apparatus AP for detecting radi- 
ations. This apparatus AP is provided with an appa- 
ratus 1 for detecting radiations. 

Fig. 1 shows the apparatus 1 for detecting radia- 
tions. 

As shown, the radiation image detector 1 is pro- 
vided with an optical fiber plate 3 having a ray output 
face 3a and a ray input face 3b each intersecting at 
an angle of 45° with a direction of waveguide of light 
L1 and nearly perpendicular to each other, a scintil- 
lator 4 fixed to the ray Input face 3b and emitting light 
depending upon radiation L2 incident thereinto, and a 
CCD 2 as a solid state Image sensing device a ray en- 
trance surface 2a of which is provided on the ray out- 
put face 3a. 

The ray entrance surface 2a of CCD 2 {the ray 
output face 3a of fiber plate 3) is nearly perpendicular 
to the input face 3b where the light L1 enters the opt- 
ical fiber plate 3. There are a plurality of terminals 
21a-21d provided on both side faces 2b, 2c of CCD 
2. 

The optical fiber plate 1 is produced as follows. 
First, a plurality of optical fibers are prepared. Then 
these optical fibers are bundled. Next, the bundle of 
these optical fibers are drawn while heated and 
stacked. This step is repeated several times. These 
optical fibers are pressed in hot temperature. Then a 
resultant product formed by these steps is cooled. 
Subsequently, the hardened bundle of optical fibers 
is cut into the shape shown in Fig. 1 . 

In the optical fiber piate shown in Fig. 1, the light 
L1 propagates in the direction of the optical axis OP1 
of core 3c. 

A ray Input port 3d of core 3c is in the ray input 
face 3b of optical fiber plate 3. A ray output port 3e of 
core 3c is in the ray output face 3a of optical fiber plate 
3. 

Thus, the light L1 entering the fiber plate 3 at the 
ray input face 3b of optical fiber plate 1 is outgoing 
from the ray output face 3a. 

The shape of optical fiber plate 3 may be a trian- 
gular prism with a right triangle as the base as shown 
in Fig. 2Aand Fig. 2B, a rectangular prism as shown 
in Fig. 2C and Fig. 2D. or a cylindrical member with a 
sector as the base as shown in Fig. 2E and Fig. 2F. 
The ray output face 3A and ray input face 3B are sub- 
stantially perpendicular to each other in each of the 
fiber plates 3 shown in Fig. 2A to Fig. 2F. 
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The optical fiber plate 3 has a projected portion 
3f. The projected portion 3f of the fiber plate 3 is fit in 
a recessed portion of CCD 2, and the fiber plate 3 is 
fixed to CCD 2. 

5 The present apparatus is provided with the opti- 

cal fiber plate 3 having the ray output face 3a and the 
ray input face 3b each intersecting with the direction 
of waveguide OP1 of the light L1 and nearly perpen- 
dicular to each other, the CCD 2 provided on the ray 

10 output face 3a, and the scintillator provided on the ray 
input face 3b. When a radiation L2 enters the scintil- 
lator 4, a ray L1 is produced in the scintillator to prop- 
agate in the direction of waveguide OP1 of light L1. 
The ray L1 outgoing from the ray output face 3a en- 

15 ters the ray entrance surface 2a of CCD 2. 

The ray L1 emitted in the scintillator 4 propagates 
in the waveguide direction OP1 of light L1 to enter the 
ray entrance surface 2a of CCD 2 nearly perpendic- 
ular to the surface 4a of scintillator 4 where the rad^ 

20 ation 12 is incident Since the ray entrance surface 2a 
of CCD 2 is nearly perpendicular to the surface 4a of 
scintillator 4 where the radiation 12 enters the scintil- 
lator 4, the radiation L2 incident nearly normal to the 
entrance surface 4a of scintillator 4 travels straightas 

is nearly perpendicular to the normal line 2n to the ray 
entrance surface 2a of CCD 2. Accordingly, no radi- 
ation L2 Is Incident Into the ray entrance surface 2a 
of CCD 2. Further, no radiation L2 is guided into CCD 
2 by the optical fiber plate 3 optically coupHng the ray 

so entrance surface 2a of CCD 2 with the scintiBator 4. 

Even if the radiation L2 is transmitted by the opt- 
ical fiber plate 3 without being absorbed thereby, the 
radiation does not directly enter the ray entrance sur- 
face 2a of CCD 2. 

35 Shea no radiation L2 directly enters the CCD 2, 

the CCD 2 is prevented from being damaged by inci- 
dence of the radiation L2 thereinto. Noise due to the 
radiation L2 Is reduced because the radiation L2 does 
not enter the CCD 2. 

40 The radiation L2 includes X-rays. The radiation 
12 is an electromagnetic wave generating light when 
entering the scintillator 4. The radiation L2 is not re- 
fracted so much in the optical fiber piate 3. The radi- 
ation L2 may be y-rays. 

45 Fig. 3A is a plan view of an apparatus 5 for detect- 
ing radiations. Fig. 3B is a front elevation of the ap- 
paratus 5. 

As shown in Figs. 3Aand 38. this radiation image 
detecting module 5 is provided with the radiation de- 
50 tector 1 . This apparatus 5 is further provided with a 
detector 31 and a detector 41 . The detector 31 and de- 
tector 41 are the same as the detector 1. Scintillators 
(luminescent screens) 4, 34, 44 are arranged on a 
same plane. The scintillators 4, 34, 44 are arranged 
55 in a one-dimensional manner. 

Although the present embodiment showed an ex- 
ample of the apparatus using three radiation image 
detectors 3, the number of radiation image detectors 
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1 is not limited to this, but may be increased or de- 
creased with necessity. Hereinafter, the apparatus 5 
is called as an elongated radiation Image detecting 
module. 

The apparatus 5 is so arranged that the length of 
the ray entrance surface can be selected depending 
upon a measured object or a measurement range, 
whereby the measurement can be done along a very 
long length. 

Fig. 4A is a plan view of an apparatus for detect- 
ing radiations. Fig. 48 is a front elevation of the ap- 
paratus 6. 

As shown in Fig. 4Aand Fig. 48, this radiation im- 
age detection module 6 is provided with the radiation 
detector 1. The apparatus 6 is further provided with 
radiation detectors 71. 81. 91. The apparatus 6 thus 
uses four radiation detectors. Scintillators 4, 74, 84, 
94 are arranged on a same plane. The scintillators 4, 
74, 84, 94 are formed in a two-dimensional arrange- 
ment 

Fig. 4A shows four radiation Image detectors 1. 
However, the number of radiation image detectors 1 
is not limited to this, but may be increased or de- 
creased with necessity. 

The apparatus 6 of Fig. 4A is so arranged that the 
length or width of the ray entrance surface can be se- 
lected depending upon a measured object or a meas- 
ured range, whereby the measurement of radiation 
can be done in a very wide range. 

As shown in Fig. 5, a radiation image detecting 
apparatus AP has the elongated radiation image de- 
tection module 5, three CCD sockets 61a, 61c, 61b 
connected to terminals 21f, 321a, 421a. respectively, 
of CCDs in the respective radiation image detectors 
1, 31, 41 constituting the elongated radiation image 
detection module 5, a CCD drive circuit board 62a to 
which two CCD sockets 61a, 61b out of the CCD 
sockets 61 a, 61c, 61b are attached, and a CCD drive 
circuit board 62b opposed to the CCD drive circuit 
board 62a and provided with the CCD socket 61 c. The 
CCD drive circuit board 62a and CCD drive circuit 
board 62b are fixed to a bottom plate 63. Further, a 
radiation shielding member 64 of a box shape, made 
of a material which can shield the radiation, such as 
lead, is fixed to the bottom plate 63. This radiation 
shielding member 64 has an opening 64a in the bot- 
tom thereof. The shielding member 64 has a rectan- 
gular window 64a at a predetermined portion on the 
top surface thereof so that the scintillators 4, 34, 44 
are exposed to the outside. A radiation shielding bar- 
rel 65, formed of a material which can shield the radi- 
ation, such as lead, is prodded around the rectangu- 
lar window 64a, whereby radiation L3 Is prevented 
from being incident in an oblique direction. The radi- 
ation L3 coming in an oblique direction is also pre- / 
vented from entering the ray entrance surface of CCD 
2. 

As described above, according to the radiation 



detector 1 of the present embodiment, the scintillator 
is provided on the ray input face of the optical fiber 
plate having the ray output face and ray input face 
nearly perpendicular to each other and each Inter- 
5 secting with the waveguide direction of light, and the 
sola state image sensing device on the ray output 
face, thereby enabling a compact apparatus on the 
whole to be formed. 

Therefore, the radiation image detector can be 
10 obtained with less dead space, in a compact size, and 
without temporal deviation between incidence of ra- 
diation into the scintillator and arrival cf light at the 
CCD. 

Since the surface of scintillator which the light en- 
is ters is perpendicular to the ray input face of CCD, the 
radiation having passed through the scintillator does 
not enter the ray input face of CCD. Therefore, a dam- 
age of CCD due to the radiation can be prevented and 
the noise due to the radiation can be reduced, thus 
20 improving the S/N ratio. 

As described above In detail, according to the ra- 
diation Image detector of the present invention, the 
length of the optical fiber plate In the radiation en- 
trance direction can be shortened, thereby obtaining 
2S the compact radiation image detector, Also, the radi- 
ation having passed through the scintillator can be 
perfectly prevented from entering the ray input face 
of the solid state image sensing device, whereby the 
damage of the solid state image sensing device and 
30 the noise can be reduced. 

Fig. 6 shows an embodiment of apparatus for in- 
specting an object (bone or teeth) made of calcium 
with radiation. The present apparatus is provided with 
a radioactive source 500 and the module 1 shown in 
35 Fig. 1 . Radiations (X-rays) emitted from the radioac- 
tive source 500 are projected onto the object 501 in- 
cluding calcium, as set between the radioactive 
source 500 and the module 1 . The X-rays impinge on 
the luminescent screen 4. 
40 The X-rays pass through the fiber optic device 3. 
With irradiation of X-rays on the luminescent 
screen 4 luminescence is generated in the lumines- 
cent screen. A metal film (metal back) 4m of aluminum 
is stuck onto the luminescent screen. The lumines- 
45 cence generated in the luminescent screen 4 is re- 
flected by the metal film 4m to advance from the met- 
al film 4m in a direction toward the fiber optic device 
3. Accordingly, the generated luminescence propa- 
gates in the cores in the fiber optic device 3 to im- 
50 pinge on an image pickup region IR in a CCD chip 201 
of CCD image sensor 2. 

The apparatus described above is further ex- 
plained using Fig. 7 and Figs. 8A-8C. 

The fiberoptic device 3 includes a plurality of opt- 
« icai fibers fixed to each other. Since the optical fibers 
are fixed to each other, the fiber optic device 3 is free 
of deformation. The optical fibers comprise a dadding 
3m, and cores 3c, 3k buried in the cladding 3m. A re- 
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tractive index of cores 3c is higher than that of the 
cladding 3m, The cores 3c and ciadding 3m are made 
of glass. In the fiber optic device 3. the plurality of 
cores 3c, 3k, are buried in the single cladding 3m. 

The fiber optic device 3 has an input face IF 
where the light generated in the luminescent screen 
4 with entrance of radiation L2 thereinto is incident, 
and an output face OF where the light is outgoing. The 
input face IF and output face OF include end faces 
30c. 30k of the cores 3c, 3k of optical fibers. The light 
entering the input face IF propagates in the cores 3c, 
3k of optical fibers then to leave the output face OF. 

The luminescent screen (luminescent film) 4 is 
fixed to the input face IF. The luminescent screen 4 
converts a radioactive ray L2 incident thereinto into a 
luminescent ray. 

Materials for the luminescent screen 4 are descri- 
bed in United States Patent No. 5,079,423. 

The luminescence generated in the luminescent 
screen propagates in the core 3c, 3k to be outgoing 
from trie output face OF of the fiber optic device 3. 

The CCD image sensor 2 Is fixed to the output 
face OF. 

Trie CCD image sensor 2 has a package 200, and 
a CCD chip 201 mounted in the package 200. The 
package 200 has a recessed portion 200a. The fiber 
optic device 3 has a projected portion 3f . The project- 
ed portion 3f of the fiber optic device 3 includes the 
output face OF. The projected portion 3f of the fiber 
optic device 3 fits in with the recessed portion 200a 
of package 200 of the CCD image sensor 2. Accord- 
ingly, the fiber optic device 3 is stuck to the CCD im- 
age sensor 2. so that they are stationary to each 
other. 

The CCD chip 201 has a main surface MF. The 
main surface MF has an image pickup region com- 
prised of a plurality of pixels PX, and an output region 
OR in which bonding pads BP for collecting signals 
obtained from these pixels PX are formed. The image 
pickup region IR is a surface to which the lumines- 
cence generated in the luminescent screen 4 is inci- 
dent The image pickup region IR of CCD chip 201 Is 
opposed to the output face OF of fiber optic device 3. 

An angle A1 between the optical axis OP1, OP2 
of core 3c 3k of the fiber optic device 3 and the nor- 
mal line 2h to the output face OF is 45 degrees. The 
image pickup region IR of CCD chip 201 is parallel to 
the output face OF of fiber optic device 3. 

An angle A2 between the optical axis OP1 of core 
3c and the normal line to the input face IF is 45 de- 
grees. The luminescent screen is parallel to the input 
face IF. 

The output face OF includes the end faces 31c. 
31k of the plurality of cores 3c, 3k. The input face IF 
includes the end faces 30c, 30k of the plurality of 
cores 3c, 3k. A density per unit area (/cm 2 ) of the end 
faces 31c, 31k of the plurality of cores 3c, 3k In the 
output face OF is equal to a density per unit area 



(/cm*) of the end faces 30c, 30k of the cores 3c, 3k In 
the input face IF. These densities are within the range 
of 2.5 x 10«/cm2 to 1 .0 x 10 7 /cm2. 

Each core 3c 3k extends straight The optical 

5 axis OP1, OP2 of each core 3c, 3k is a straight line. 
Accordingly, a ray image entering the input face IF of 
fiber optic device 3 is output at 1 :1 magnification from 
the output face OF. Also, an image output from the 
output face OF is free from distortion. 

10 The image pickup region IR of CCD chip 201 is 
in contact with the output face IR of fiber optic device 
3. Accordingly, an image incident to the image pickup 
region IR is never disturbed by any intervening mem- 
bers between them, whereby a clear image is incident 

15 to the image pickup region IR. 

In the present detecting apparatus, the image 
pickup region IR of CCD chip 201 is In direct contact 
with the output face OF of fiber optic device 3 in order 
to obtain a clear image. The output region OR in which 

20 the bonding pads BP or CCD chip 201 are formed re- 
stricts this "direct contact" The output region OR Is 
not in contact with the output face OF. Since the out- 
put face OF Is not In direct contact with the output re- 
gion OR, the bonding pads BP, and bonding wires 203 

25 connecting between the bonding pads BP and lead 
pins 21a are prevented from being damaged by the 
fiber optic device 3. The bonding wires 203 stand long 
use 

The CCD chip 201 comprises a semiconductor 

30 substrate 201a, an insulating film (silicon dioxide) 
201b on and in contact with the semiconductor sub- 
strate 201a, transfer electrodes 201c, 201d, 20le in 
contact with the insulating film 201 b, a protective lay- 
er (Phospho-Sillcate Glass, PSG) 201f formed over 

3$ the transfer electrodes 201 c, 201d, 201 e. a first sig- 
nal line <»1 for applying a predetermined drive voltage 
to the transfer electrodes 201c, a first bonding pad 
BP1 connected to the first signal line <M, a floating 
diffusion amplifier FDAfor collecting signals (charge) 

40 transferred from the transfer electrodes 201c, 201 d, 
201 e, and a second bonding pad BP connected to the 
floating diffusion amplifier FDA. The output region 
OR is a region where the first and second bonding 
pads BP1, BP are formed. 

45 When a ray L4 generated in the luminescent 
screen 4 is incident into the p-type silicon substrate 
201a, an electron-hole pair is generated in the semi- 
conductor substrate 201a. When a potential higher 
than a potential of back contact 201g is given to the 

so signal lines 4>1 to OS. that is, when a positive voltage 
is applied to the signal lines 01 to <&3, electrons are 
attracted toward the transfer electrodes 201c, 201d, 
201e. While the positive voltage is applied to the sig- 
nal lines <D1 to 03, generated electrons are accumu- 

55 lated near the interface between the oxide film 201b 
and the semiconductor substrate 201a. When a 
three-phase drive voltage is applied through the sig- 
nal lines <X>1 to 03 to the transfer electrodes 201c, 
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201d, 201e, the accumulated electrons are transfer- 
red in the direction of arrow AL1 in Fig. 8C. The trans- 
ferred electrons are collected by a diode formed by 
the n-type semiconductor region FDA to flow through 
the bonding pad BP and signal line 203 to the lead pin 
21a. The signal lines <J>1 to <D3 are connected to the 
bonding pads BP1 to BP3, respectively. A drive vol- 
tage is supplied through the bonding wire 204a t 204b, 
or204cto the bonding padBPL BP2, or BP3, respec- 
tively. The bonding wires 204a, 204b, 204c are con- 
nected to the lead pins 21b, 21a 21d, respectively. 

The present detecting apparatus Is provided with 
a second module 801 shown in Fig. 9. The second 
module 801 has the same structure as the first mod- 
ule 1 , having a second fiber optic device 803, a seo 
ond luminescent screen 804. and a second CCD im- 
age sensor 802. 

The first luminescent screen 4 and second lumi- 
nescent screen 804 are formed on a same plane. The 
normal line to the first luminescent screen (lumines- 
cent surface) 4 and the normal line to the second lu- 
minescent screen 804 are parallel to each other. The 
normal line to the first luminescent screen (lumines- 
cent surface) 4 and the normal line to the luminescent 
screen 804 are approximately parallel to each other. 
An angle between these normal lines is smaller than 
5 degrees. A second metal film 804m is fixed to the 
luminescent screen 804. 

The f irst module 1 and second module 804 are 
set in a housing 64. The housing 64 has a radiation 
shielding member. The radiation shielding member is 
made of lead. The housing 64 has a barrel portion 65. 
The barrel portion 65 has an opening 65a; A radiation 
12 to be detected enters the luminescent screen 4 
through the opening 65a. The barrel portion 65 is 
made of lead. Lead does not transmit the radiation. 
Since this detecting apparatus has the barrel portion 
65, the directivity of radiation L2 incident into the lu- 
minescent film 4 can be enhanced. The barrel portion 
65 has an opening edge 65b, an internal surface 65c 
intersecting with the opening edge 65b, and an exter- 
nal surface 65d intersecting with the opening edge 
65b. The barrel portion 65 interrupts the radiation L3 
obliquely incident relative to the direction of axis AX 
of the barrel portion 65 of the detecting apparatus 
from the outside of housing 64. 

The f irst CCD image sensor 2 of the first module 
1 is fixed to a first circuit board 61a for processing sig- 
nals output from the CCD image sensor 2. The sec- 
ond image sensor 802 is fixed to a second circuit 
board 861a for processing signals output from this 
CCD image sensor 802. 

The first circuit board 61a comprises a first print 
board 69a, and a processing circuit 69b formed on the 
first print board. The second circuit board 861a com- 
prises a second print board 869a, and a processing 
circuit 869b formed on the second print board 869a. 
The first print board 69a and second print board 869a 



are opposed to each other. The first print board 69a 
and second print board 869a are nearly parallel to 
each other. An angle between normal lines to the first 
print board 69a and to the second print board 869a is 

5 less than 5 degrees. The first print board 69a and sec- 
ond print board 869a are fixed to the housing 64. 

Image signals from the CCD chips 201 , 8201 are 
put into a display 901 through a display controller 900 
to be indicated on the display 901. 

10 Fig. 10 shows an apparatus for detecting an im- 
age of teeth. This apparatus has a radioactive source 
500 connected to the housing 64. A hollow connection 
member 503 connects the housing 64 with the radio- 
active source 500. Inside the connection member 503 

15 wiring 503a is set through for supplying drive power 
to the radioactive source (X-ray generating appara- 
tus). Rubber RB is wound around the connection 
member 503. When teeth DM , DL2 are in contact with 
the rubber RB, the radioactive source 500 is held by 

20 the teeth. 

This detecting apparatus is provided with a dis- 
play 901 for indicating signals output from the CCD 
image sensor Z The display 901 and CCD Image sen- 
sor 2 are connected to each other through a display 

2$ controller 900. The display controller 900 controls the 
display 901 to indicate the signals output from the 
CCD image sensor 2 on the display 901. The display 
controller 900, the liquid crystal display 901 and ra- 
dioactive source 500 are electrically connected to a 

30 power supply 902, and are driven by the electricity 
from the power supply 902. 

From the invention thus described, it will be ob- 
vious that the invention may be varied in many ways. 
Such variations are not to be regarded as a departure 

35 from the spirit and scope of the Invention, and all such 
modifications as would be obvious to one skilled in 
the art are intended to be included within the scope 
of the following claims; 

The basic Japanese Application No.5438/1994 

40 filed on January 21, 1994 is hereby incorporated by 
reference. 



Claims 

45 

1. An apparatus for detecting a ray. comprising a 
first module: 

wherein said first module comprises: 
a first fiber optic device having a plurality 
so of cores buried in a cladding, each of said plurality 
of cores having a first end face and a second end 
face, said f irst fiber optic device comprising an in- 
put face which includes said first end faces and 
to which a ray is incident and an output face which 
55 includes said second end faces and from which 

a ray is outgoing; 

a first luminescent screen fixed to said in- 
put face; and 
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a first CCD image sensor fixed to said out- 
put face, said CCD image sensor comprising a 
package, a CCD chip fixed in said package, lead 
pins penetrating said package, and bonding 
wires connecting said lead pins to said CCD chip, s 

wherein said CCD chip comprises an im- 
age pickup region for converting a ray incident 
thereto into an electric signal, and bonding pads 
in contact with said bonding wires and wherein 
said output face is in contact with said image pick- 10 
up region and said output face is not in contact 
with said bonding pads. 

2. An apparatus according to claim 1, wherein said 
package has a recessed portion, said fiber optic is 
device has a projected portion, and said project- 
ed portion of said fiber optic device fits in with the 
recessed portion of said package. 

3. An apparatus according to claim 1 or 2, wherein 20 
said CCD chip comprises a semiconductor sub- 
strate, an insulating layer in contact with said 
semiconductor substrate, transfer electrodes in 
contact with said insulating layer, and a protective 

film formed over said transfer electrodes, and ?5 
wherein said protective layer is in contact with 
said output face. 

4. An apparatus according to claim 3, wherein said 
CCD chip further comprises signal lines connect- 30 
ing said transfer electrodes with said bonding 
pads, and wherein with application of a drive vol- 
tage to said bonding pads a potential of said 
transfer electrodes is changed and with inci- 
dence of rays electrons accumulated in said sem- 35 
i conductor substrate are transferred. 

5. An apparatus according to claim 4, wherein said 
CCD chip further comprises a floating diffusion 
amplifier for collecting said electrons. 40 

6. An apparatus according to any preceding claim, 
wherein an angle between an optical axis of said 
core and a normal line to said outputface is 45 de- 
grees and an angle between the optical axis of 45 
said core and a normal line to said input face is 

45 degrees. 

7. An apparatus according to any preceding claim, 
wherein a density per unit area of said first end so 
faces in the input face is equal to a density per 

unit area of said second end faces in the output 
face. 

8. An apparatus according to any preceding claim, 55 
comprising a second module, said second mod- 
ule having: 

a fiber optic device, 



a second luminescent screen mounted to 
said fiber optic device, and 

a second CCD image sensor mounted to 
said fiberoptic device, 

wherein said first luminescent screen and 
second luminescent screen are formed on a 
same plane. 

9. An apparatus according to claim 8, wherein an 
angle between a normal line to said first lumines- 
cent screen and a normal line to the second lumi- 
nescent screen is smaller than 5 degrees. 

10. An apparatus according to any of claims 1 to 7, 
further comprising a housing for housing said 
first module. 

11. An apparatus according to claim 10, wherein said 
housing comprises a material for shielding a ra- 
diation. 

12. An apparatus according to claim 10 or 11 , where- 
in said housing is made of lead. 

13. An apparatus according to any of claims 10 to 12, 
wherein said housing has a barrel portion having 
an opening, and a ray to be detected is incident 
through said opening into said first luminescent 
screen. 

14. An apparatus according to any of claims 10to13, 
wherein said housing has a barrel portion having 
an opening said barrel portion shielding a radia- 
tion, and a ray to be detected is incident through 
said opening into said first luminescent screen. 

1 5. An apparatus according to claim 14, wherein said 
barrel portion has an opening edge, an inner sur- 
face intersecting with said opening edge, and an 
outer surface intersecting with said opening 
edge, and said barrel portion interrupts a radia- 
tion obliquely incident thereto relative to a direc- 
tion of an axis of said barrel portion. 

16. An apparatus according to claim 8 or 9. compris- 
ing: 

a housing for housing said first module; 

a first circuit board fixed to said first CCD 
image sensor, for processing a signal output from 
said first CCD image sensor and 

a second circuit board fixed to said second 
CCD image sensor, for processing a signal output 
from said second CCD image sensor 

wherein said first and second circuit 
boards are fixed to said housing and are opposed 
to each other. 

17. An apparatus according to any of claims 10to15, 
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having a radioactive source connected to the 
housing. 

18. An apparatus according to claim 17, comprising 

a hollow connection member for connection be- 5 
tween said housing and said radioactive source, 

a wiring passing inside said connection 
member, for supplying drive power to the radioac- 
tive source, and 

a rubber wound around the connection 10 
member, 

wherein when said rubber is in contact with 
teeth, said radioactive source is held by the teeth. 

19. An apparatus for detecting a ray, comprising: is 

a CCD image sensor comprising a pack- 
age and a CCD chip housed in said package; 

a fiber optic device consisting of a clad- 
ding and a plurality of cores buried in said clad- 
ding, said fiber optic device contacting said CCD 20 
chip and sealing said package; and 

a first luminescent screen fixed to said fib- 
er optic device. 

20. A radiation detection apparatus In which a scin- 25 
tillator disposed in a plane and an image sensor 
disposed out of said plane are connected by way 

of a guide providing multiple light paths for guid- 
ing light from the scintillator to the image sensor. 



35 



40 



4$ 



SO 



55 



9 



BNSOOCIO: <EP 0668483A2 l > 



EP0666 483A2 




BNSDOCID. <EP„ 0666483A2 .1 > 



EP 0 666 483 A2 




BNSDOCID:<£P 0666483A2J > 



EP0666483A2 




12 



BNSOOCIO: <EP„ 0666483A2 I > 



EP 0 666 483 A2 



Fig. 4 A 




Fig 4B 




13 



0666483A2. 1. > 



EP 0 666 483 A2 




14 



BNSOOOD-. <EP 



..06864S3A2 J. > 



BP 0 666 483 A2 




8NS0OCI0: <£P...„ _ 06C6483A2J .> 



EP 0 666 483 A2 



(VJ 




16 



BNSOOCID- <EP .0666483A2.I. > 



EP 0 666 483 A2 




Fig. BB 



IR PX 
1 t 



T"7 



FDA 




BNSOOCID: <F.P 0666J83A2 I » 



EP0 666 483 A2 




18 



V 



EP 0 666 483 A2 




BNSDOCIO: <EP_. 0d6e483A2 !. > 



(19) 



(12) 



imuiniiiiii 

EP 0 666 483 A3 

EUROPEAN PATENT APPLICATION 



EuropSlsches Patentamt 
European Patent Office 
Office europeen des brevets 



(88) Date of publication A3: 

16.07.1997 Bulletin 1997/29 

(43) Date of publication A2: 

09.08.1995 Bulletin 1995/32 

(21) Application number: 95300341.5 

(22) Date of filing: 20.01.1995 

(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 21.01.1994 JP 5438/94 

(71) Applicant: HAMAMATSU PHOTONICS K.K. 
Shizuoka-ken (JP) 

(72) Inventors: 

• Sugawara, Takeo 
Hamamatsu-shi, Shizuoka-ken (JP) 



(51) int CI 6: G01T1/00 



CO 
< 

s 

CD 
<£> 
CO 

o 

CL 



• Hlno, Toshihlko 
Hamamatsu-ehi, Shizuoka-ken (JP) 

• Suzuki, Makoto 
Hamamatsu-*hl t Shizuoka-ken (JP) 

(74) Representative: Whitten. George Alan et al 
R.G.C. Jenkins & Co., 
26 Caxton Street 
London SW1R0RJ(GB) 



(54) 



Radioactive radiation image detecting apparatus 



(57) An apparatus comprises a fiber optic device 
having a plurality of cores buried in a cladding, a first 
luminescent screen (4) fixed to an input face of said fiber 
optic device (3c), and a first CCD image sensor (2) fixed 
to an output face of the fiber optic device. The CCD im- 
age sensor comprises a package, a CCD chip fixed in 
the package, lead pins penetrating said package, and 
bonding wires connecting said lead pins to said CCD 
chip. The CCD chip comprises an image pickup region 
for converting a ray incident thereto into an electric sig- 
nal, and bonding pads in contact with said bonding wires 
and wherein said output face is in contact with said im- 
age pickup region and said output face is not in contact 
with said bonding pads. 
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